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ABSTRACT
Background: Mammary neoplasms in dogs are commonly observed in veterinary clinical routine, most of which being 
malignant. Hormonal stimulation, endogenous or exogenous, may possibly influence its development. In addition to clinical 
evaluation, ultrasound analysis can provide information about the characteristics of breast lumps. The association between 
clinical-epidemiological and pathological data is important for diagnosis. Therefore, given the importance of this pathology 
for the health of affected dogs, we aimed to evaluate the clinical and ultrasound alterations, along with the factors associ-
ated with the development of benign and malignant mammary neoplasms in female dogs. 
Materials, Methods & Results: We examined 47 samples from the mammary tumors of 35 female dogs at the Small Ani-
mal Clinic of the Veterinary Hospital (HV) of the Santa Cruz State University (UESC). The dogs underwent a complete 
clinical examination, with clinical staging, via TNM classification, followed by hematological, biochemical, radiological 
and ultrasound, abdominal, and breast exams. Breast ultrasound examination was used to evaluate the shape parameters 
such as, limits, margins or contour, ecotexture, echogenicity, hyperechoic halo, posterior acoustic shading, surrounding 
changes, and nodule components. These criteria were associated with the histopathological classification of neoplasms. 
Epidemiological data was studied through an adapted questionnaire containing information on risk factors associated with 
breast cancer. The same questionnaire was applied to tutors of 19, age-matched, female dogs with no history of breast 
cancer. The results revealed that most female dogs with neoplasia were over eight years of age, with no specific breed and 
were not castrated, and 31.4% of them had already been administered with contraceptives during the reproductive period. 
Ovariohysterectomy acted as a protective factor (OR 0.06) to the development of breast tumors, while contraceptive use 
was considered as a risk factor (OR 6.99). The average time reported between tumor perception and clinical care was 13.2 
months. The caudal and inguinal abdominal breasts were the most affected. Among the samples evaluated, 76.6% were 
malignant, with mixed tumor carcinoma being the most frequent type and 69.4% graded in grade I. Nodules classified 
as malignant showed the largest diameter (P < 0.05). Breast ultrasound results revealed that tumors with heterogeneous 
echotextures and mixed components were associated with malignancy (P < 0.05). 
Discussion: The fact that the average age of female dogs with breast cancer was over eight years of age corroborates the 
literature. Considering that a greater age would mean a longer exposure to the carcinogenic initiators responsible for muta-
tions, and to promoters, such as hormonal changes. Contraceptives increase the risk of breast lumps, while reduce that of 
ovariohysterectomy, in female dogs, even when performed after the second heat. The size of the nodules and ultrasound 
criteria related to echotexture and the type of component of the neoplasia may be used as prognostic parameters of female 
breast nodules. Additionally, most nodules evaluated in this study were malignant (mixed tumor carcinoma was the most 
common subtype), possibly due to the owners’ delay in seeking veterinary care after tumor observation. Although malig-
nant, most nodules presented with a low histopathological grading.
Keywords: breast tumor, Canis familiaris, histopathology, prognosis, ultrasound.
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INTRODUCTION
There has been an increase in the incidence 
of canine neoplasms, with the mammary tumor being 
the most frequent type in female dogs [5]. In Brazil, 
data show that over 90% of cases are malignant [28]. 
Hormonal stimulation, endogenous or exogenous, is 
thought to exert influence on its development. Endog-
enous hormonal factors include changes that occur 
during the estrus cycle [7] and pseudocyesis [21,24]. 
The exogenous influence is the use of hormonal therapy 
for contraceptive purposes [16,21].
History and macroscopic presentation of 
the tumor suggests the diagnosis of breast cancer. 
However, definitive diagnosis should be established 
by histopathological analysis [5]. The association be-
tween clinical-epidemiological and pathological data 
is important for diagnosis and may elaborate on the 
biological behavior of neoplasms [10,14,19,26,30]. 
Therefore, it is imperative to recognize the parameters 
with a prognostic value in clinical practice, as it facili-
tates the determination of the most appropriate therapy 
for each patient.
Ultrasonography is a great method to evaluate 
the characteristics of non-invasive and viable breast 
tumors. Node size, boundaries, margins, echotexture, 
echogenicity, formation of posterior acoustic shading, 
and depth/width ratio were some of the parameters 
evaluated. Some of these may be used as prognostic 
factors, associated with the biological behavior of 
neoplasms [10,14,19,26,30].
This study aimed to evaluate the association 
between epidemiological, clinical, ultrasound, and 
pathological factors of benign and malignant mammary 
neoplasms in female dogs.
MATERIALS & METHODS
Animals
The study was approved by the Animal Use 
Ethics Committee (CEUA-UESC), under protocol 
number 003/2015. The tutors of the animals included in 
this study were informed about the proposed method-
ology and objectives and signed an informed consent, 
allowing the participation and use of animal data.
The study included 47 samples from 35 adult 
female dogs of varying weight and race, who were seen 
at the Small Animal Clinic of the Veterinary Hospital 
(HV) of the Santa Cruz State University (UESC), with 
suspected breast cancer.
Physical examination
 Anamnesis and physical examination were 
performed, including palpation of the breasts and 
lymph nodes, as well as the measurement of the breast 
nodule (s) with the aid of the caliper to obtain the tumor 
diameter. In addition, other macroscopic characteristics 
of the nodule (s) were also evaluated, such as consis-
tency, adherence to adjacent tissues and ulceration. 
After measuring the breast lump (s) and investigating 
the presence of metastases in distant lymph nodes or 
organs, clinical staging was established using the TNM 
classification [22].
Laboratorial tests
As a complementary evaluation, we performed 
hematological and biochemical exams, along with 
cardiological evaluation, electrocardiogram (ECAFIX 
electrocardiograph), digital radiographic examination 
(FUGIFILM) of the thoracic cavity in the left ven-
tral and dorsal positions, and ultrasound abdominal 
and breast examination using the ULTRA VISION 
FLIP VET and linear transducer, with a frequency of 
7.5 MHz. During the ultrasound examination of the 
breasts the following parameters of all breast nodules 
were evaluated: shape (elongated, rounded, ovoid 
or amorphous); boundaries (well-defined, partially 
defined or inaccurate/unclear); margins or contour 
(regular, partially regular or irregular); echotexture 
(homogeneous or heterogeneous); echogenicity (an-
echoic, hypoechoic, isoechoic, hyperechoic or mixed); 
hyperechoic halo; posterior acoustic shading (echo 
transmission present or absent); surrounding changes 
and nodule components (solid, liquid or mixed), ac-
cording to Calas et al. [2]. The characteristics of the 
parietal lymph nodes were also evaluated.
Surgical and histopathological procedures
The female dogs clinically capable of undergo-
ing anesthetic and surgical procedures were referred to 
undergo excision of the nodule(s) and partial or total 
mastectomy, depending on the extent of the neoplasia, 
while collecting the histopathology samples. Three of 
the samples included in the study were obtained im-
mediately after euthanizing one of the female dogs, 
owing to the severity of her clinical condition, as a 
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consequence of pulmonary metastasis, confirmed by 
radiographic examination.
Tissue samples were stored in a vial contain-
ing 10% buffered formaldehyde, where they remained 
for 24-48 h for proper fixation, with further process-
ing using the conventional histological technique for 
paraffin embedding [23]. They were subsequently 
sectioned in a microtome to obtain 4-5 µm thick sec-
tions for histological slides, which were stained by the 
routine hematoxylin-eosin (HE) method for subsequent 
microscopic evaluation, diagnosis, classification and 
histopathological grading of tumors [13].
Epidemiological data was acquired via a ques-
tionnaire, adapted from Cassali et al. [5], containing 
information about risk factors associated with breast 
neoplasms. The same questionnaire was provided to 
the tutors of 19, age-matched, female dogs with no 
history of breast cancer.
Table 1. Variables evaluated as risk factors for dogs with mammary neoplasms treated at HV-UESC and 
healthy dogs included in the study.
Female dogs with mammary neoplasms 
N = 35
Healthy dogs
N = 19
Breed
Non-defined race 17 (48.6%) 4 (21.1%)
Pinscher 3 (8.6%) 2 (10.5%)
Rottweiler 3 (8.6%) 0
Poodle 2 (5.7) 4 (21.1%)
Boxer 2 (5.7) 0
Fox Paulistinha 1 (2.9%) 1 (5.3%)
Labrador 1 (2.9%) 2 (10.5%)
Argentine Dog 1 (2.9%) 0
Lhasa Apso 1 (2.9%) 2 (10.5%)
Dachshund 1 (2.9%) 0
Dalmatian 1 (2.9%) 0
Cocker Spaniel 1 (2.9%) 0
German Shepherd 1 (2.9%) 0
Schnauzer 0 2 (10.5%)
Golden Retriever 0 1 (5.3%)
Shih Tzu 0 1 (5.3%)
Ovarian hysterectomy
Yes 05 (14.3%) 14 (73.7%)
No 30 (85.7%) 05 (26.3%)
Pseudocyesis
Yes 13 (37.1%) 06 (31.6%)
No 22 (62.9%) 13 (68.4%)
Contraceptive use
Yes 10 (28.6%) 01 (5.3%)
No 25 (71.4%) 18 (94.7%)
Statistical analysis 
To analyze the nonparametric parameters, 
clinical, ultrasonographic and histopathological find-
ings of dogs with breast cancer, the Chi-Square and 
Fisher tests were used using the Open Epi statistical 
program, considering the significance level of 5%.
RESULTS
This study included 35 female dogs, aged 
between two and 15 years, average of 9.7 years, 
with 85.7% of the dogs, eight years old or older. 
Table 1 includes the epidemiological data of female 
dogs treated with breast cancer, with healthy dogs in 
a control group. Regarding reproductive history, it 
was observed that ovariohysterectomy (OSH) was a 
protective factor (OR 0.06), while contraceptive was 
a risk factor (6.99), with a level of significance level 
of 95% (Table 2).
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Table 2. Association between mammary neoplasms in female dogs and the variables non-defined race (SRD), ovarian hysterectomy (OSH), pseu-
docyesis, and contraceptive use.
Variable N
Female dogs with mammary 
neoplasms
Incidence
Odds 
Ration
Confidence 
interval (95%) P value
SRD
Yes 21 17 81.00% 3.09 0.88-12.78 0.07
No 33 18 54.50% 1
OSH
Yes 19 05 26.30% 0.06 0.01-0.25 0.00001**
No 35 30 85.70% 1
Pseudocyesis
Yes 19 13 68.40% 1.27 0.38-4.45 0.68
No 35 22 62.90% 1
Contraceptive use
Yes 11 10 90.90% 6.99 1.03-165.70 0.04*
No 43 25 58.10% 1
Chi-Square; Fisher tests. *(P < 0.05); **(P < 0.01).
Among the 35 female dogs, nine presented 
with more than one nodule, resulting in 47 samples 
of neoplastic tissue. Among these, 11 (23.4%) were 
classified microscopically as benign and 36 (76.6%) 
as malignant. Among the benign, six (54.5%) were 
papillomas, three (27.3%) adenomas, and two (18.2%) 
benign mixed tumors. In relation to the malignant 
ones, 22 (61.1%) were carcinomas in mixed tumors, 
12 (33.3%) simple carcinomas (tubular and papil-
lary), one (2.8%) pleomorphic carcinoma, and one 
(2.8%) malignant adenomyopithelioma (Figures 1, 2 
& 3). Regarding the histopathological grading of the 
36 carcinomas, 25 (69.4%) were grade I, 11 (30.6%) 
grade II, and none grade III.
Here, the reported time between tutors’ percep-
tion of the tumor and referral to clinical care ranged from 
one to 60 months, with an average of 13.2 months, and 
four owners were unable to provide this information.
Physical examination revealed that the most af-
fected breasts were caudal abdominal (21/47 - 44.7%), 
followed by inguinal (15/47 - 31,9%), cranial abdominal 
(7/47 - 14.9%), and caudal thoracic (four / 47 - 8.5%).
Regional lymphadenomegaly was present in 16 
(45.7%) female dogs, and eight (50%) of the enlarged 
lymph nodes corresponded to the draining of affected 
breasts. However, none of the removed lymph nodes 
presented with neoplastic cells during the histopatho-
logical evaluation.
Clinical staging by the TNM system revealed 
that among the 29 female dogs with minimum one 
malignant neoplasia, nine (31.0%) were in stage I, six 
(20.7%) in stage II, 13 (44.8%) in III, and one in V 
(3.4%). The animal demonstrating stage V was eutha-
nized due to pulmonary metastases.
Figure 1. Benign mixed tumor. Well differentiated bone component of 
benign mixed tumor [HE; 10x].
Figure 2. Carcinoma in mixed tumor. On the left (black arrow) there are 
epithelial cells arranged in tubules. On the right (red arrow) well differ-
entiated bone tissue associated with bone marrow formation [HE; 10x].
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Regarding the macroscopic characteristics of 
the 47 nodules (Figures 4 and 5), 19 (40.4%) were 
smaller than 3 cm, 14 (29.8%) were between 3 and 5 
cm, 14 (29.8%) were larger than 5 cm, and three (6.4%) 
presented ulceration area (Table 3).
Almost 64% (23/36) of the evaluated malignant 
nodules were equal to or larger than 3 cm, and more 
than half of which (13/23) were larger than 5 cm. In 
contrast, more than 70% (8/11) of the benign nodules 
were smaller than 3 cm (Table 3). Statistical analysis of 
the clinical findings revealed that there was a significant 
correlation between the (P < 0.05) size of the breast lump 
and the character of the neoplasm (Table 3), and tumors 
larger than 5 cm were associated with malignancy when 
compared to the same or smaller than 3 cm.
Regarding ultrasound findings (Figures 6 to 9), 
heterogeneous echotexture and mixed tumor component 
were associated with malignancy (Table 4). Another 
ultrasound finding that was associated with malignancy 
of mammary neoplasms was the presence of the mixed 
Figure 3. Tubular carcinoma. Epithelial cell proliferation in tubular arrangement. 
Note the absence of myoepithelial cells and basement membrane [HE; 40x].
Figure 4. Unbred female (SRD), with a 3 cm nodule in the right caudal abdomi-
nal breast, with histopathological classification of carcinoma in mixed tumor.
component, which was characterized by the existence 
of both solid and cystic areas in the same nodule [9].
One nodule with benign histopathological classifi-
cation and one classified as malignant were not visualized 
during breast ultrasound. These nodules were measured 
during the clinical evaluation of the patients and both pre-
sented with a diameter close to or less than one centimeter.
Figure 5. Unbred dog (SRD), with a 9 cm nodule in the left caudal thoracic breast, 
ulcerated, with histopathological classification of carcinoma in mixed tumor.
Figure 6. Ultrasound image of a nodule that is histopathologically classi-
fied as carcinoma in mixed tumor. An ovoid structure interspersed in the 
parenchyma, measuring 0.53 cm × 0.27 cm, hypoechogenic solid pattern 
with irregular margins.
Figure 7. Ultrasound image of nodule histopathologically classified as 
carcinoma in mixed tumor. Note a mass measuring 2.89 cm × 1.56 cm, 
solid pattern, heterogeneous hypoechogenic, with interspersed amorphous 
hyperechogenic area, forming posterior acoustic shading (arrow).
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Table 4. Ultrasound findings of benign and malignant nodules evaluated in dogs with mammary neoplasms.
Histopathological classification
Benign
(n = 10)
Malignant
(n = 35) P value
USG
findings
Shape
Ovoid
Rounded
Elongated
Amorphous
09 (90%)
01 (10%)
0
24 (68.6%)
05 (14.3%)
02 (5.7%)
04 (11.4%)
ns
Boundaries Well-defined
Inaccurate
06 (60%)
04 (40%)
20 (57.1%)
15 (42.9%) ns
Margins
Regular
Irregular
09 (90%)
01 (10%)
22 (62.9%)
13 (37.1%) ns
Echotexture
Homogeneous 
Heterogeneous
 06 (60%)
 04 (40%)
06 (17.1%)
29 (82.9%)
0.05
Echogenicity
Hypoechoic 
Hyperechoic
 09 (90%)
01 (10%)
 33 (94.3%)
02 (5.7%)
ns
Hyperechoic Halo 
Yes
No
01 (10%)
09 (90%)
13 (37.1%)
22 (62.9%) ns
Posterior acoustic 
shading
Yes
No
02 (20%)
08 (80%)
04 (11.4%)
 31 (88.6%)
 ns
Surrounding changes Yes
No
02 (20%)
8 (80%)
15 (42.9%)
20 (57.1%) ns
Components Solid
Mixed
10 (100%)
0 
23 (65.7%)
12 (34.3%) 0.05
Fisher tests; ns = not significant.
Table 3. Clinical findings of benign and malignant nodules evaluated in dogs with mammary neoplasms.
Histopathological classification
Benign 
(n = 11)
Malignant 
(n = 36) P value
Size
<3cm
≥ 3 e ≤ 5cm
>5cm
08 (72.7%)
03 (27.3%)
0 
 11 (30.6%)
11 (30.6%)
14 (38.8%) 0.05
Clinical findings Adherence to adjacente tissues Yes 
No
05 (45.5%) 
06 (54.5%)
17 (47.2%) 
19 (52.8%)
 
ns
Ulceration
Yes
No
0 
11 (100%)
03 (8.3%)
33 (91.7%) ns
Fisher tests; ns = not significant.
Figure 8. Ultrasound image of nodule histopathologically classified as 
ductal carcinoma. An ovoid structure with irregular margins, measuring 
3.75 cm × 1.58 cm, with an angiogenic multicavity pattern, with internal 
septations is noted.
Figure 9. Ultrasound image of breast cancer histopathologically classified 
as papillary carcinoma. An extensive hypoechogenic mass of mixed pat-
tern, predominantly liquid, densely particulate, with irregular margins and 
internal septations is noted.
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DISCUSSION
The age of most female dogs corroborates the 
reports in the literature, indicating that the breast cancer 
incidence increases with age, since it leads to a longer 
exposure to the carcinogenic initiators responsible for 
the mutations as well as promoters, such as hormonal 
changes [8,16,21,28].
Epidemiological data, which revealed that 
OSH acted as a protective factor in female dogs without 
neoplasia, indicated that OSH continued to be a preven-
tive measure to develop breast neoplasms even when 
performed later, since all the dogs were castrated after 
the second heat. This finding was in agreement with 
the results reported by Schneider et al. [25].
In addition, contraceptive use has been shown 
to be a risk factor for the development of breast tumors, 
corroborating studies by other researchers [16,21,28]. 
The lower incidence of breast cancer observed in other 
countries was due to the high rate of early castration, as 
in the United States [20]. Unfortunately, as evidenced 
in the present research, in Brazil the practice of contra-
ceptive use overrides OSH as a contraceptive method.
However, with regard to the hormonal aspects, it 
is worth mentioning one of the cases followed during the 
execution of this work, which exemplifies the influence 
that exogenous hormones exert on the mammary tissue 
of the dogs. The youngest female dog included in this 
research, underwent progesterone-based contraceptive 
application a few months before developing the breast 
lump at the age of two. She presented with a 3 cm diameter 
breast tumor, located in the right caudal abdominal breast, 
whose histopathological classification was carcinoma in 
mixed tumor. This case reinforced the importance of early 
castration and public awareness of the indiscriminate use 
of contraceptives. OSH could have prevented the develop-
ment of the breast lump at such an early age.
The high malignancy rate observed in the neo-
plasia samples of this study agrees with results obtained 
by other national researchers [28]. In addition, nearly 
70% of the carcinomas were classified as carcinomas 
in mixed tumors, corroborated by the literature [4,13], 
which indicated that in Brazil, this was the most com-
monly reported histopathological type of malignant 
mammary tumor. It is noteworthy that carcinoma in 
mixed tumor can start as a benign mixed tumor and prog-
ress to a malignant transformation of epithelial cells [4].
Regarding the histopathological grading, it 
was observed that, although malignant, most nodules 
presented with a low histopathological grading, since 
nearly 70% of the malignant tumors were classified as 
grade I, presenting a low mitotic index.
Regarding the time in which tutors delayed in 
providing veterinary care to the animals after tumor 
perception, the time of neoplasia progression was as-
sociated with the possibility of transforming a benign 
nodule into a malignant nodule [4]. As mentioned 
above, the epithelial component of benign neoplasms 
have the potential for a malignant transformation, pos-
sibly resulting in the formation of carcinomatous areas. 
This is due to the successive mutations in the neoplastic 
cells, which subsequently become more aggressive, 
with autonomous growth and insensitivity to growth 
inhibitory factors and tumor suppressor genes [15].
The breasts most affected by neoplasms in 
the dogs of this study were the caudal and inguinal 
abdominals. According to Lana et al. [16] the caudal 
inguinal and abdominal glands were primarily affected 
since they have more parenchymas, also corroborating 
the results previously obtained [21,28].
Regional lymphadenomegaly was diagnosed in 
more than 40% of the female dogs evaluated. Consider-
ing this, lymphadenomegaly may be associated with 
the presence of the breast lump [16] without neces-
sarily indicating neoplastic dissemination, similar to 
the case of reactive hyperplasia, or possible owing to 
a primary or secondary inflammatory process [6]. This 
fact demonstrates the importance of a histopathological 
examination to distinguish between a non-neoplastic 
process and the metastatic spread of neoplasms, since 
the confirmation of metastasis influences the decision 
of postoperative therapy, as well as the prognosis of 
the disease.
Node size is one of the parameters evaluated 
to establish TNM. Tumor size evaluation is one of the 
most important factors to establish the prognosis of the 
animal [3,11,12]. Breast lumps with diameters greater 
than 5 cm were associated with a poorer prognosis and 
shorter survival time as compared to those with less 
than 5 cm [16].
Ultrasound findings suggested that the hetero-
geneous echotexture and mixed tumor component were 
associated with malignancy. Heterogeneous echotexture 
was interpreted as a variation of tumor echogenicity, 
justified by the diversity of tissue components in the 
nodule, including areas of tissue necrosis and circula-
tory changes such as hemorrhage, which are present in 
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most malignant nodules [2,19,26]. In fact, most malig-
nant nodules in this study with a heterogenous texture 
demonstrated areas of necrosis and/or inflammatory 
changes. Similarly, other authors [19,26] also concluded 
that variation in echotexture was associated with malig-
nant tumors. However, other authors have not observed 
a significant difference between benign and malignant 
tumors in relation to this parameter [30].
Regarding the mixed component, the association 
between this ultrasound parameter and malignant tumors 
was attributed to areas of necrosis and inflammation, 
which may lead to the emergence of solid and cystic 
areas with liquid content. The results associated with 
the mixed component was also evaluated by Feliciano 
et al. [10] who showed no significant difference in this 
parameter between benign and malignant neoplasms.
Additionally, in relation to tumors demonstrat-
ing which posterior shading, bone tissue formation 
was noted at histopathology, being classified as mixed, 
benign (one), or malignant (three) tumors. Here, this 
feature was not associated with malignancy, agreeing 
with other authors [2,18].
Other ultrasound findings, such as shape, 
limits, margins, echogenicity, hyperechoic halo and 
surrounding changes, did not reveal significant asso-
ciation with the malignancy characteristics evaluated 
in this study. However, other authors have associated 
the parameters obtained by conventional ultrasound 
with benign neoplasms, such as regular and well-
defined margins, homogeneous echogenicity, absence 
of changes in surrounding tissue, well-defined limits, 
and oval or ellipsoid shape [2,9].
CONCLUSION
Therefore, contraceptive use increased the risk 
of breast lump development in female dogs, subse-
quently reduced via ovariohysterectomy, even when 
performed after the second heat. Given the regional 
cultural characteristics, it is clear that contraceptive 
use continues to overlap castration as a method to 
prevent estrus. Furthermore, the largest tumor diam-
eter was associated with malignant neoplasms, which 
corresponded to most nodules evaluated here. Among 
these, mixed tumor carcinoma was the most common 
subtype. Summarily, in addition to the tumor diam-
eter, echotexture and the type of tumor parenchymal 
component were ultrasonographic aspects indicative 
of the character of canine mammary neoplasms in this 
study, and that these findings have the perspective of 
being used as prognostic parameters for breast lumps 
in female dogs.
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